An increase in the release of sewage discharge and stream ecosystem degradation is contributing to increased chromophoric dissolved organic matter (CDOM) in the Yinma River Watershed, which is a polluted watershed of the Songhua River. This study involves the spatiotemporal characterization of CDOM, CDOM-DOC relationships, and the influence of environmental factors (e.g., natural geographical and anthropogenic activities). Riverine waters showed higher a CDOM (335) and DOC concentrations in the spring and autumn than in the summer, and positive correlations were found between the a CDOM (335) and DOC concentrations in the summer (r = 0.90, 2-tailed, p<0.01) and autumn (r = 0.58, 2-tailed, p<0.01). Storms in May 2016 affected DOC flux from terrestrial ecosystems into the stream, and the CDOM-DOC relationship in the spring. Environmental factors such as water quality, precipitation, soil, gradient, land-use, and GDP could have affected the optical properties of CDOM (DOC). Gradient was correlated with the optical properties (2-tailed, p<0.05) of CDOM. Types of land-use, pollutant discharge from point sources, and GDP (r = 0.58, 2-tailed, p<0.05) affected the composition and creation of CDOM (DOC). The correlations among CDOM absorption parameters, gradient, and GDP were driven by samples that were related to regional terrestrial and anthropogenic pollutants. High loading of complex CDOM (DOC) inputs from anthropogenic activities combine with natural influences and constitute a challenge for CDOM (DOC)-derived pollution treatment, and treatment of pollution in the watershed.
Introduction
In natural surface waters, dissolved organic matter (DOM) is an important driver of ecosystem functions and forms the largest pool of organic matter [1] . Chromophoric dissolved organic matter (CDOM), which represents the optically active fraction of DOM, is compositionally complex [2] . CDOM levels could potentially be estimated via remote sensing, which has the advantages of being time and cost efficient [3] . Significant linear relationships between CDOM and dissolved organic carbon (DOC) have recently been observed in various lakes, estuaries, and coastal waters [3] [4] . The optical properties of CDOM were used as a proxy for DOC concentration, which relies on an accurate characterization of the CDOM-DOC relationship. Rivers and streams connect terrestrial and aquatic ecosystems from the land to the ocean, and understanding riverine CDOM (DOC) dynamics is key to identifying the roles of these ecosystems in global carbon cycling.
The flux of CDOM (DOC) into streams and rivers appears to be controlled by a number of interacting hydrological [5] , geological [6] , biological [7] , and abiotic factors (i.e., photo-degradation and exchange with particulate organic matter and minerals). In coastal environments, CDOM and DOC behaviors are controlled by terrestrial discharges due to modest mixing along the salinity gradient. In inland rivers and streams, different factors control the concentration and physiochemistry of CDOM (DOC), showing significant complex spatial and temporal characteristics [5] [6] [7] . Song et al. (2013) [8] reported average DOCs from fresh and brackish waters, which were 5.63 mg L -1 (fresh water) and 15.33 mg L -1 (brackish water) across the semi-humid/ semi-arid Songnen plain in China. Zhou et al. (2015) [9] found that average DOC concentrations in Meiliang Bay, Lake Taihu, increased from August (2.2 mg/L) to September (4.7 mg L -1 ), and were maintained until the following January. Studies in the Arctic have noted that low concentrations of CDOM were observed in the permafrost zone, while high concentrations were found in coniferous forest areas [10] . Agricultural practices have been shown to have contrasting effects on stream DOM [11] , while others have ascribed watershed-scale DOC exports to DOC-rich forest floors and surface-soil layers in riparian or wetland locations [12] . Rainfall events or snowmelt seasons also contribute to high concentrations and loading of DOC in stream waters [13] . These environmental factors (e.g., water quality, watershed morphology, soil, vegetation, land-use, rainfall) and landscapes are likely to affect CDOM variation and instream processing by partially affecting hydrological connections between landscape units and their receiving waters [10] [11] [12] [13] .
Absorption can be used as a potentially viable approach to trace and detect different sources and abnormal changes of DOM in water bodies. Physiochemical properties of CDOM, such as absorption coefficients, average molecular weight (E 250:365 ), spectral slope (S 275-295 ), and specific ultraviolet absorbance (SUVA 254 ) [8] , are important indicators for understanding the mobility, degradability, and bioavailability of DOM, and act as tracers for identifying DOM sources and flow paths. Improved quantitative understanding of how the environmental factors of catchments can affect spatiotemporal CDOM, based on optical parameters, will be beneficial for understanding biogeochemical carbon cycles and managing water sources in regional watersheds.
The accumulation of heavy metals in sediments and bio-accumulation of benthic organisms were recently noticed in the Songhua fluvial system [14] . About 100 tons of benzene was discharged into Songhua due to chemical plant explosions in Jilin in 2005 [15] . Since the Songhua became polluted, there is a potential impact on the Russian population living downstream. The Yinma River Watershed, the most polluted of the Songhua's watersheds according to the 2014 China Environmental State Bulletin) supplies large amounts of organic matter to the Songhua fluvial system [16] . Quantitative estimation and monitoring of CDOM in highly polluted riverine environments provide an early warning of drinking water supply contamination. In addition, the watershed is located in agricultural areas of northeastern China, and increased fertilizer contact with allochthonous DOM leads to greater terrestrial CDOM input, which results in varying spectroscopic characteristics. We aimed to assess how landscapes affect CDOM and DOC patterns in receiving streams, considering how this is related to wide spatial and temporal variability loads in ecosystems. Our detailed objectives were to: 1) investigate and evaluate seasonal and spatial CDOM characteristics, 2) quantitatively and qualitatively understand the influence of environmental factors (e.g., water quality morphology, land-use, soils, rainfall, and socioeconomic data) on riverine CDOM, and 3) understand and discuss the role of human activities on freshwater DOM cycling. The results could aid regulators and policy managers in improving water quality in highly polluted watersheds.
Material and Methods

Study Area
The Yinma River watershed (124°58'-126°24'E, 43°02'-44°53'N), an important tributary of the Songhua fluvial system, is located in the center of Jilin Province, China (Fig. 1) . The area of the watershed is about 1.74×10 4 km 2 and includes two main rivers: the Yinma and the Yitong [16] . This watershed has a typical northern temperate zone and continental monsoon climate, with a frozen period of about 150 days. The mean annual temperature is 5.3ºC, and yearly average precipitation ranges from 370 to 668 mm [16] . The Yinma River originates in the southeast of Yitong, and merges with the Yitong River in Nong'an, flowing into the second Songhua fluvial system. The main tributaries of the watershed include the Wukai, Chalu, and Shuangyang rivers.
Water Sample Collection
Fifty-one river water samples were taken from the surface layer (0-0.2 m) at 17 sites in the watershed between August 19-22 and October 30, 2015, and May 8, 2016 (Fig. 1) . The data sets collected in August and October could be published in Li et al. (2016) [16] . These samples were constant locations according to Li et al. (2016) [16] . A Perspex water sampler and Niskin bottles were rinsed with Milli-Q water before collection, and then rinsed by the water samples. Approximately 2.5 L of water was collected for each sample at each site (0-20 cm), and immediately analyzed on board the boat, or stored in the dark at 4ºC, in acidcleaned, pre-combusted amber bottles for laboratory analysis.
Water Quality Determination
To prevent pigments from denaturalization, water samples were immediately filtered under a low vacuum. The concentrations of Chl-a were determined with a UV spectrophotometer (Shimadzu, UV-2006 PC) at 664 nm, 647 nm, 630 nm, and 750 nm. Total suspended matter (TSM), inorganic suspended matter (ISM), and organic suspended matter (OSM) were determined by gravimetrical analysis. Detailed measurements of Chl-a, TSM, ISM, and OSM could be found in Song et al. (2013) [8] . DOC samples were acidified to a pH of 2 with concentrated HCl (100 μL of 2 N) to remove inorganic carbon and were then analyzed with a total organic carbon analyzer (Shimadzu, TOC-VCPN) using high-temperature catalytic oxidation (680ºC). Potassium hydrogen phthalate was used as a reference for this. DOC concentration was measured by subtracting the dissolved inorganic carbon (DIC) from total dissolved carbon (TDC). pH was measured using a PHS-3C pH meter at room temperature (20 ±2°C) . References for the environmental quality standards for surface water (GB3838-2002, China) [17] , dissolved oxygen (DO) (iodometry), COD (dichromate), ammonia nitrogen (NH 3 -N) (Nessler's reagent colorimetry), iron (Fe) (flame atomic absorption spectrometry), manganese (Mn) (potassium periodate spectrophotometric), zinc (Zn) (atomic absorption spectrometry), mercury (Hg) (atomic absorption spectrophotometry), and hexavalent chromium (Cr 6+ ) (diphenylcarbohydrazide spectrophotometric) were also determined.
Measuring CDOM Absorbance
All samples were filtered under a low vacuum; first through a pre-combusted Whatman GF/F (1825-047) filter (0.7 μm), and then through a pre-rinsed 25 mm Millipore membrane cellulose filter (0.22 μm) into glass bottles. Absorbance of the filtrate was measured between 200 nm and 800 nm at 1 nm intervals using a Shimadzu UV-2600 spectrophotometer, with Milli-Q water as a reference [16] . The absorption coefficient (a CDOM ) was calculated from the measured water optical density (OD), and more details could be found in Li et al. (2016) [16] . In order to eliminate the internal backscattering, the absorbance over 740 to 750 nm was assumed to be zero [8, 16] . CDOM spectral slope coefficient S 275-295 was calculated using a nonlinear fit of an exponential function over 275 to 295 nm [8, 16] .
CDOM, total particulates (non-algal and phytoplanktonic), and pure water are four components that absorb and scatter solar radiation through water bodies [3] . To determine the contributions of these three components, non-algal a d (λ) and phytoplanktonic absorption a ph (λ) need to be measured. Water samples were filtered under a low vacuum through a precombusted Whatman GF/F (1825-047) filter (0.7 μm) following the quantitative filter technique (QFT) [18] . Total particulate absorbance was then measured between 400 nm and 700 nm using a Shimadzu UV-2600 spectrophotometer with a blank filter as a reference. Non-algal particles were bleached with 0.1% sodium hypochlorite, and the absorbance of phytoplankton was calculated by subtracting non-algal particles from total particulate subtract. The total absorption coefficient is the sum of a d (λ), a ph (λ), a CDOM (λ), and a w (λ), where a w (λ) represents pure water absorption derived from Smiths et al. (1981) [19] . The specific UV absorbance (SUVA) values of the samples were calculated by multiplying DOC concentration-normalized UV absorbance at 254 nm by a factor of 100 (i.e., 100×SUVA 254 /DOC) [8, 16] . According to Lambert et al. (2015) [6] , it is necessary to correct SUVA 254 due to the influence of Fe absorbance at 254 nm. Weishaar et al. (2003) [20] reported that an Fe concentration . The corrected a CDOM (254) was used to calculate SUVA 254 . E 250:365 was the ratio of specific UV absorption coefficient at 254 nm and 365 nm.
Remote Sensing Data
(1) DEM data were obtained from the shuttle radar topography mission (SRTM) data sets. In this study, SRTM-1, provided by the Computer Network Information Center, Chinese Academy of Sciences (http://datanirror. csdb.cn), with a spatial resolution 30 m, was selected to extract gradient, aspect, and riverine profiles. (2) Soil data sets of a 1:1000000 scale were obtained from the Harmonized Word Soil Database (HWSD) version 1.1, with a spatial resolution of 1000 m. The dataset was provided by the Environmental and Ecological Science Data Center for West China, National Natural Science Foundation of China (http://westdc.westgis.ac.cn), and the soil classification system is FAO-90 (China). (3) The land-use data images were obtained from free Landsat OLI. There are two images from the Yinma river watershed, and the satellite tracking numbers are 118, 29 and 118, 30. These images were acquired to avoid clouds. The dates of the final images are April 3 and June 16, 2015. We interpreted the remote sensing images based on true color bands (bands 4, 3, and 2). Landuse was classified by geographical knowledge and visual interpretation. The land-use types assigned were saline land, wetlands, water, roads, residential, built-up, grassland, forest, dry field, and paddy field.
Meteorological Data
Meteorological data were obtained from the National Climate Center (NCDC) of the National Oceanic and Atmospheric Administration (NOAA). The meteorological data are free to acquire on their website (ncdc.noaa.gov), and they contain precipitation, etc. The average pixel values of a 3*3 window, centered at each meteorological station, were extracted. Meteorological data from Changchun Station were used to calculate average temperature and precipitation.
Socioeconomic Data
Socioeconomic data from the Resources and Environment Science Data Center, Chinese Academy of Sciences (resdc.cn) contain gross domestic product (GDP) and population for 2011. Grid data of GDP and population data take the county as the unit. Considering the GDP or population-geographic differentiation regularity of natural elements, we made spatial interpolation in the Yinma River watershed, and GDP and a population distribution map can be made with the 1 × 1 km grid data.
Statistical Analysis
Statistical analyses (e.g., regression and correlation analysis) were conducted using SPSS 16.0. When the p values were less than or equal to 0.05 or 0.01, the difference is considered to be statistically significant. Spatial analysis was conducted using ArcGIS 10.2. Redundancy analysis (RDA) was used to analyze the influence of water quality on CDOM absorption parameters using Canoco 4.5.
Results and Discussion
Optical Characteristics of CDOM
CDOM Absorption Parameters
The CDOM absorption coefficient at specific wavelength, e.g., a CDOM (335) and a CDOM (440), has been used as a surrogate for colored DOM or CDOM concentrations [21] . The seasonal average CDOM absorption coefficients are shown in Table 1 ; a higher CDOM concentration was observed in the spring. High SUVA 254 values indicate aquatic systems with large input from vascular plants, and allochthonous sources dominating organic matter content [20, 22] . Conversely, low values indicate more autochthonous (algal and microbial) sources. The SUVA 254 measurements were 1.7±0.
, and 2.3±0.8 L g C -1 m -1 in the spring, summer, and autumn, respectively. This indicates that allochthonous sources dominated the organic matter content of river water in the summer [16] . The high SUVA 254 value in the summer was also associated with lower bioavailability. E 250:365 and S 275-295 are related to aromatic hydrocarbon content and can trace the molecular size of CDOM [8, 22] . Increasing E 250:365 values indicates a decrease in CDOM aromaticity and molecular weight, and S 275-295 values were inversely proportional to CDOM molecular weight, with a steeper spectral slope indicating decreasing aromaticity and a shallower spectral slope indicating increasing aromatic content [8, 22] . Higher average E 250:365 (11.7±11.5) values were observed in the summer than in the spring (7.8±0.9) and autumn (6.4±2.8) (Table 1) . Similarly, the average S 275-295 value was 0.0078±0.0006 nm -1 in the spring, 0.0089±0.0020 nm -1 in the summer, and 0.0082±0.0016 nm -1 in the autumn, respectively. This indicates a decrease in aromatic compounds and percentages of fulvic acid with a low molecular weight in CDOM in the summer [16] .
Relative Contributions of CDOM Absorption
Differences in the contributions of optically active substances to total absorption could influence maximum photosynthetic rate and determine the photochemical mineralization of DOC [23] . There was a noticeable seasonal difference in the relative contributions of CDOM at 440 nm (Fig. 2) , and the absorption of nonalgal particles greatly influenced total non-water light absorption in river water. High loads of suspended matter prevent phytoplankton growth due to light limitations [16] . The average CDOM absorption contribution to the total absorption contribution was 21.9% in the autumn, and 10% and 12.5% in the spring and summer, respectively, according to the results from Li et al. (2016) [16] . CDOM absorption is affected by solar radiation, phytoplankton, microbial activity, and river discharge due to processes including chemical photo-bleaching, microbial degradation, and terrestrial inputs. High contribution from non-algal particles showed that the UV-photic zone for photobleaching in turbid water rarely exceeds 10 cm [16, 24] . This demonstrated that the effect of CDOM on photobleaching is inefficient, and mixing hinders its effect. According to Zhu et al. (2013) [3] , more non-algal particles increase absorption and scattering contributions, which affect the derive riverine CDOM using remote sensing.
Water Quality
Seasonal TSM, ISM, OSM, DOC, and Chl-a concentrations were measured in riverine waters ( Table 2) ) [6] . DOC concentrations in Arctic rivers such as the Kolyma are noticeably higher during the spring but lower and more stable from July-October [26] . A high DOC concentration in the spring could be related to regional flow and storm events (Fig. 7) , which could release terrestrial DOM and humic acid, and that has a high molecular weight, into the river. Riverine waters have the high flow and quick exchange rates of moving water. CDOM (including fluorescent matter and components absorbing light at 254 nm) was found to be resistant to bio-degradation by riverine microorganisms [27] . The fraction of readily degradable riverine DOM that was not included in CDOM was estimated to constitute between 8 and 26% of the overall DOC [27] . At 254 nm, the reduced seasonal disparity of CDOM absorption and the larger seasonal disparity of DOC concentration could be responsible for the elevated SUVA 254 in the summer and autumn; the ratio of SUVA 254 is a CDOM (254)/DOC. Consistent with results of Li et al. (2016) [16] , a potential reason could be that more uncolored dissolved organic matter (UDOM) existed in riverine waters. Furthermore, algal-derived DOC had lower color intensity than DOC derived from the decomposition of woody vegetation (humic-derived DOC), and DOC from anthropogenic sources (e.g., wastewater effluent) is almost uncolored [16, 28] . This suggested that the endogenous CDOM pool was likely to be small compared to anthropogenic CDOM input into the rivers [16] , consistent with CDOM absorption parameters ( Table 1) .
Correlations between CDOM Parameters and Water Quality
Significant linear CDOM-DOC relationships have been documented in various coastal, estuarine, riverine, and lake domains in recent years [7-8, 22, 25] . The Pearson correlation indicates a more positive correlation between a CDOM (335) and DOC in the summer than autumn, with r values of 0.82 and 0.68 (2-tailed, p<0.05), respectively (Table 3) . CDOM-DOC relationships were highly variable in inland waters due to the effects of terrigenous vgetation and non-algal particles, and the ratio is not consistent [22] . According to Li et al. (2016) [16] , these results are related to changes in SUVA 254 and a CDOM (λ) in different seasons and regions. When the ratios of CDOM and UDOM or CDOM and DOC were constant, an improved CDOM-DOC relationship could be found [16] . Similarly, significant correlations between a CDOM (335), TSM, ISM, and OSM (r>0.54; p<0.05, 2-tailed) suggest more influence from allochthonous sources in the autumn than summer. In the summer, although the correlation coefficient r between the CDOM and Chl-a was 0.56 (2-tailed, p<0.05), a significant correlation between E 250:365 , TSM, ISM, and OSM (r = 0.95, 0.95 and 0.83; p<0.01, 2-tailed) indicated that allochthonous sources affect the optical parameters of CDOM (Table 3 ). In the autumn, however, there was a negative correlation between SUVA 254 , E 250:365 , TSM, and ISM, and a positive correlation between S 275-296 , TSM, and ISM (2-tailed, p<0.05). (Table 3 ). This indicated that allochthonous sources are overwhelmingly dominant in CDOM in dry seasons.
RDA was used to calculate the selected water quality variables, which could explain environmental variability in CDOM absorption parameters. The Monte Carlo permutation test was selected to verify the significance of constrained scheduling. The log-transformation process was performed on the original data (species and environment variables) prior to analysis to obtain normally distributed data [22] . To eliminate invalid environmental variables with lower contribution, inflation factors of variables greater than 20 and partial correlation coefficients of variables greater than 0.8 need to be deleted [22] , and TSM and ISM had to be deleted in a total of 51 water samples. The relationships between the indices of CDOM, water quality, and environmental factors are shown in Fig. 3 . The first two axes of the RDA explain 35.7% of the total variability in CDOM optical parameters (axis one, 22.5%; axis two, 35.7%). The DOC (12.1%) and NH 3 -N (11.1%) had a strong correlation with CDOM optical parameters, followed by pH (7.8%), temperature (6.8%), and COD (3.5%). A previous study showed that COD, NH3-N, TN, and TP accounted for 44.14%, 53.14%, 82.15%, and 78% of total pollutants, respectively, in the Yinma River watershed [29] .
Soil
Different soil types and properties could largely affect litter breakdown, transformation of soil organic matter, microbial activity, etc. The spatial distributions of soil types are shown in Fig. 4 . All of the samples were located in four soil types: meadow, black, alluvial, and paddy. In the spring and summer higher values of a CDOM (335) and SUVA 254 were observed in black soils, indicating that high aromatic hydrocarbon inputs and allochthonous sources dominated organic matter content (Fig. 4) . Meadow soils exhibited high a CDOM (335) in the autumn. Regardless of season, seasonal samples in alluvial soils had the highest S 275-295 and lowest a CDOM (335), SUVA 254 , and E 250:365 (Fig. 4) . This indicates low aromatic hydrocarbon content and low molecular weight, and that autochthonous sources dominated organic matter content.
The observed CDOM concentrations in soils are the net result of processes that release DOM, such as leaching from litter or desorption from the solid phases, and processes that remove DOM, such as adsorption or decomposition [30] . Black soil and chernozem had relatively high levels of humic acid in relation to litter; increased DOC from extended contact time in soil horizons was found in areas of high organic matter content [30] . Fertile soil was used for arable soils in the urbanizing watershed by anthropogenic activity. Fertilization with organic compounds has been found to increase water-soluble organic carbon in soil by a factor of 2.7 to 3.2, depending on the type of fertilizer added [24] , which could indirectly affect water carbon levels. For many farmers in developing countries, livestock manure is an essential source of organic fertilizer. In manure-treated soils, carbon increased sharply after manure application, resulting in higher water-soluble organic matter. This was more noticeable in the sampling stations in paddy soils, which had the highest CDOM in autumn (Fig. 4) . Precipitation can also significantly alter DOC concentrations and fluxes by flushing DOC adsorbed on aggregate surfaces and concentrated in subsoil horizon microspores. Excluding the physical and chemical characteristics of the soil, processes including the release and removal of CDOM also depend on external environmental factors (i.e., soil temperature and precipitation). Due to storm events, high water velocity leads to low contact time between soil horizons and the solid matrix, and creates non-equilibrium chemical and physical conditions [30] . As a result, the adsorption of DOC is diminished in mineral soil horizons. The responses of some samples to DOC concentration appear to depend on site conditions, e.g., land-use, vegetation, and human activity.
Topography
The gradient (the ratio of vertical height and horizontal width in a slope surface) ranged from 0.3° to 17.68° in the Yinma River watershed. There was a weak correlation between gradient, SUVA 254 , and S 275-295 , but it was not correlated with DOC. The gradients were negatively correlated with SUVA 254 (r = -0.51; 2-tailed, p<0.05) in the autumn dataset (Fig. 5) . A positive correlation was found between gradient and S 275-295 , with a correlation coefficient of 0.51 (2-tailed, p<0.05). This indicated that when the gradient increased, riverine CDOM indicated autochthonous sources with low aromatic hydrocarbon content in the autumn. Frost et al. (2006) [32] also found that morphological parameters (watershed area, slope, drainage density, and stream length) were negatively correlated with streamwater DOC concentration, with a determination coefficient between gradient and DOC concentration of 0.24. A watershed with a low gradient possessed significant quantities of DOM due to thicker organic horizons and longer residence times in soils [6] . A negative relationship between CDOM and gradient may reflect shallower, organic-rich soil horizons and faster movement of water through the landscape [32] , which also limits the amount of DOM reaching adjacent streams. In addition, lower residence time may reduce the removal of CDOM due to photoand/or microbial degradation, and vice versa in larger watersheds. Similarly, greater gradients in the watershed could generally be associated with habitat distribution, e.g., more vegetation cover and fewer urban settlements. This relationship, however, was driven by one point in No. 12, which had the highest gradient at 17.68° ( Fig. 1) . Then CDOM absorption parameters and water quality in No. 12 were concentrations and aromatic hydrocarbon content. When No. 12 was removed, there was no noticeable correlation (2-tailed). This indicated that topography was not the main factor in controlling riverine CDOM with a low gradient (0.3-4.9°). Other samples were limited by regional terrestrial inputs.
Meteorological Factors
In terrestrial-dominated regions, DOC generally varies seasonally in relation to the magnitude of freshwater inputs. Raymond et al. (2007) [26] reported seasonal variability of DOC in high-latitude rivers, and found that the DOC was characterized by rising concentration, significantly correlated with increased river discharge. Although the hydrological processes in streams were not monitored here, precipitation indirectly indicated the trend of CDOM. Consistent with the results of Li et al. (2016) [16] , the low levels of precipitation, with high DOC and Chl-a and low TSM, were observed more in the autumn than summer (Fig. 6) . These results changed with CDOM optical parameters, indicating that more allochthonous uncolored DOC (UDOC) existed in the summer than autumn. The highest average DOC and CDOM concentrations (17.4 mg/L and 6.6 m -1 ) were observed in the spring (Table 2 and Fig. 6 ). Storm events, which are important hydrological processes, cause various sources of DOM to enter surface waters from adjacent catchments over a short-term timescale (hours to days) due to storm flow [22] . High precipitation was observed in May 2016 (Fig. 6) ; on May 3, 11, and 23 in particular there were heavy storm events (annual 200-300 mm). Jiang et al. (2014) [33] found that DOC concentrations were much higher during storm events than during snowmelt seasons in both watersheds. These processes may significantly alter CDOM concentrations and composition in receiving streams, leading to uncertainty (poor correlation between CDOM and DOC), although rainwater generally resulted in low CDOM concentrations. Terrestrial DOM sources that were mobilized during storm flows differ from those leached during base-flow [34] . Storms could contribute to more than 50% of DOC fluxes [35] . Rapidly rising groundwater in watersheds due to storms could also contribute more CDOM and pollutants. We did not collect samples during or following heavy rain, and this work will be accomplished in future studies.
Land-Use Types
One of the most noticeable environmental changes caused by human activity is the conversion of land, e.g., clear-cutting of forest stands, afforestation, converting forests into arable sites, and reducing wetlands due to expanding agricultural and residential areas. The average CDOM optical parameters on congeneric land-use types, according to the sampling stations, are summarized in Fig. 7 . All of the sampling stations were located in six land-use types: residential, paddy field, wetlands, dry field, forest, and saline land. In the spring, a higher a CDOM (335) was observed in forests and wetlands (Fig. 7) . The lowest E 250:365 , S 275-295 and SUVA 254 values, and highest a CDOM (335), indicating an increase in aromaticity and MW of CDOM, suggest that autochthonous sources dominated organic matter content in wetlands. Similarly, allochthonous sources dominated organic matter content, with high SUVA 254 , in forests. An increase in aromaticity and MW was observed in saline land. In the summer, samples from forested areas showed the highest a CDOM (335), in contrast with wetlands ( Fig. 7) . High SUVA 254 was also observed in forests, suggesting that allochthonous sources with high aromaticity and MW-dominated organic matter content. This result was the opposite in wetlands. In the autumn, samples in forests with the highest a CDOM (335) showed high aromaticity and MW. Paddy fields showed lowest a CDOM (335) and SUVA 254 , indicating that autochthonous sources dominated organic matter content.
We found that sampling stations located in wetlands and forests also showed relatively high CDOM concentrations. DOC transfer from peatland, through streams, was about 5-40 g m 2 /a in the northern wetlands of Canada [36] . Anaerobic decomposition of organic matter from wetlands is less efficient than decomposition under aerobic conditions, with a higher proportion of water-soluble intermediate metabolites being released. DOC from wetland soils affected by storms or snowmelt could readily flow into streams and rivers [37] . The storms concentrated in May 2016 could have had a great impact on the inputs of DOC from wetland soil. An increasing CDOM trend was found from summer to autumn, which could be caused mainly by the decrease in precipitation [16] . More DOC could flow from forest litter into wetland soils due to leaching and microbial activity in the autumn. Wetland DOM, as a main carrier of many trace organic or inorganic pollutants, facilitates the migration or diffusion of heavy metals and hydrophobic organic pollutants in soil and water environments. In storm or snowmelt events, increased DOM could affect the growth of aquatic plants and pollute groundwater.
High nitrogen and organic matter export rates are characteristic of grasslands and forests, and land-use types around the sampling stations may be crucial to nutrient levels in water [38] . DOC concentrations were lower than that of the neighboring forest soils following 26 years of corn cultivation [39] . Wilson and Xenopoulos (2008) [40] found that rivers and streams located in southern Ontario, Canada, that flow through forests have higher DOM concentrations than those that flow through cropland. The high DOM in forest soils could be caused by increased solubility of DOM at a higher pH, or stimulation of microorganism activity. Leaf fall in the autumn usually contributes high levels of hydrophilic, neutral DOM fractions (i.e., simple sugars and nonhumicbound polysaccharides), which could increase the DOM production rate. Additionally, saline land and paddy fields had the lowest CDOM concentrations. The differences in the relationships between CDOM and land-use types are likely a result of varying hydrology, vegetation, and soil types.
Socioeconomic Data
Population and GDP related to the strength of human activities could reveal the level of economic development in a society. A regression analysis was performed between population, GDP, and CDOM optical parameters in the watershed, but a correlation was only found between E 250:365 and GDP in the summer (r = 0.58, 2-tailed, p<0.05) (Fig. 8) . This result was driven by signal point, e.g., Nos. 8-9. This result indicated that there were spatial differences between samples due to terrestrial inputs. Numerous samples were taken in farmland and wetlands, and pesticide and fertilizer, household refuse, and livestock dung remained on a large area of farmland. Areas of higher GDP as related to economic output were found near the city or the reservoir. Changchun city was the center of development of the regional economy of Jilin province, and industrial waste, sewage runoff, and overpopulation all contribute to river pollution. Sewage treatment plants located in Jiutai and Dehui cities, although large, were found to be inefficient.
Conclusion
CDOM in rivers and streams were strongly related to several natural and geographical elements while predictors of anthropogenic activity levels were also likely to influence the loading, transportation, removal, and dilution of CDOM, particularly in heavily polluted rivers. Compared with published data sets from Li et al. (2016) [16] and samples collected in May 2016, the following conclusions were obtained: 1) In the spring and autumn, riverine waters had higher a CDOM (335) and DOC concentrations than summer; this is related to regional riverine flow, storm events, and anthropogenic pollutants. 2) Increasing terrigenous inputs bring more UDOM from wastewater effluent, which may affect the CDOM-DOC relationships in the spring. In the Yinma River watershed it is difficult to derive CDOM due to the contributions of non-particulates by remote sensing. 3) Environmental factors, e.g., water quality, precipitation, soil, land-use, gradient, and GDP, could affect the optical properties of CDOM. Although storm events affect DOC fluxes from terrestrial to stream ecosystems, these influences generally showed spatial difference (gradient and GDP), driven by a few samples. Continuous sewage discharge from chemical factories in Changchun city, and wastewater treatment inefficiency should be improved and controlled. The Yinma watershed, with the typical heavy waters of the Songhua River, is representative of a watershed being urbanized by anthropogenic activities. High loading of complex CDOM inputs from anthropogenic activities constitutes a challenge for identifying CDOM and DOC flux.
